Aims: To understand transitions from alcohol use to disorder, we examine timing of transitions between stages of alcohol use and associations between transitions and socio-demographic factors. Short summary: Using nationally representative data, we found that the majority of alcohol use disorders develop by age 25. Increased alcohol use within a participant's cohort was associated with subsequent transition across all stages of alcohol use and disorder. Fifty percent of dependence cases had not remitted after 9 years. Methods: A nationally representative sample with a 73% response rate included 12,992 participants aged 16 and older. The Composite International Diagnostic Interview (CIDI 3.0) was used to assess age at initial alcohol consumption, commencement of regular consumption, symptoms of alcohol abuse and dependence, and year-long remission. Alcohol consumption in an age-and gender-matched cohort, education, gender and age at commencement of use were investigated as covariates. Results: Among all respondents, 94.6% used alcohol, 85.1% used alcohol regularly, 11.4 and 4.6% had developed alcohol abuse and dependence disorders, respectively. Of those with an abuse or dependence disorder, 79.9 and 67.2% had remitted, respectively. Increased alcohol use within a participant's cohort was associated with subsequent transition across all stages. The majority of disorders had developed by age 25. Considerable time was spent with disorder; 50% of dependence cases had not remitted after 9 years. Men were at greater risk of disorder and less likely to remit. Conclusions: Interventions should target young people and cohort-specific consumption with resources also allocated to long-term treatment provision for alcohol dependency.
INTRODUCTION
For the minority of individuals who develop alcohol use disorders, alcohol results in substantive human and economic costs (Hsiang et al., 2015; Wilson and Blakely, 2015; Richardson et al., 2016) . Understanding transitions from alcohol use to disorders is important for timing risk reduction strategies effectively and limiting the burden of alcohol-related harm. Although a number of studies have investigated associations between socio-demographic factors and alcohol use (Kalaydjian et al., 2009; Lee et al., 2009; Suliman et al., 2010; Wells et al., 2011) , fewer studies have investigated factors that are associated with transitions between stages of first use, regular use, disorders and remission from disorders (Kalaydjian et al., 2009; Lee et al., 2009; Suliman et al., 2010) . Moreover, within peer groups, social norms are known to influence use behaviour (Trucco et al., 2011; Sudhinaraset et al., 2016; Janssen et al., 2018) and to interact with broader structural factors such as advertising and accessibility of alcohol (Popova et al., 2009; Ayuka et al., 2014; Gruenewald et al., 2015) but the degree to which cohort-specific consumption is associated with use, and with transitions from use to disorder, has rarely been investigated.
To ensure the greatest policy relevance of research into the patterns and predictors of alcohol use country-specific data are necessary. Therefore, using data from Te Rau Hinengaro: The New Zealand Mental Health Survey (NZMHS), a large nationally representative study of New Zealand adults sampled across all cohorts in the population, the aims of the present study were to (a) examine the timing of transition across stages of alcohol use from first use to regular use, from use to disorders (abuse and dependence) and from disorders to remission and (b) to examine the correlates of transition across stages of alcohol use, in particular increases in cohort-specific consumption.
METHOD
Te Rau Hinengaro: The New Zealand Mental Health Survey (NZMHS) was a nationally representative sample of residents in permanent private dwellings, aged 16 years and over, using a stratified multistage clustered area probability sampling design including oversampling of Mā ori and Pacific people. Computerassisted personal interviews were carried out face to face with 12,992 people from October 2003 to December 2004. A response rate of 73.3% was achieved. The NZMHS was designed to provide reliable estimates of mental, behavioural and substance use disorders in New Zealand. A detailed description of the survey method is provided elsewhere (Wells et al., 2006) . All 14 health ethics committees throughout New Zealand approved the survey.
Measures
The World Mental Health Composite International Diagnostic Interview (WMH-CIDI 3.0; Kessler and Ustun, 2004 ) was used to assess if individuals met criteria for DSM-IV (American Psychiatric Association, 1994) alcohol abuse and alcohol dependence. In the version of the CIDI used in New Zealand, all participants were asked how old they were when they first drank an alcoholic beverage (use) and how old they were when they first started drinking at least 12 drinks in a year (regular use). All participants were asked three alcohol-related screening questions; if a participant responded positively to at least one screening question, they were assessed for symptoms of abuse. A participant was only assessed for lifetime symptoms of dependence if they endorsed at least one symptom of abuse. As abuse and dependence are independent diagnoses (National Institute on Alcohol Abuse and Alcoholism, 2016), failing to assess dependence without abuse would lead to differential underestimation of dependence. To address this, cases of dependence without abuse were imputed. Further details relating to this imputation are described elsewhere (Lago et al., 2017) .
Analysis
We investigated the age of onset and speed of transition between stages. These stages were use (first time drank a standard alcoholic drink), regular use (12+ drinks per year), DSM-IV abuse without prior dependence and DSM-IV dependence. We also assessed remission from dependence and from abuse without dependence, where remission was defined as the absence of all disorder-related symptoms for more than 12 months prior to the interview. Estimates were weighted to take into account the probability of selection; to adjust for intentional oversampling of Mā ori and Pacific peoples; to adjust for non-response and to post-stratify by age, gender and ethnicity to the 2001 census population.
All analyses were carried out using SAS Version 9.4. All estimates of lifetime prevalence percentages came from PROC SURVEYFREQ and discrete-time survival analyses came from PROC SURVEYLOSISTIC, both of which account for the complex survey design. Life table (actuarial) estimates of the survival functions for age of onset and remission were produced using the SAS PROC LIFETEST procedure and are reported as weighted prevalence. Univariate and multivariate discrete-time survival models (Singer and Willett, 1993) with person-year as the unit of analysis were used to investigate associations of covariates with (a) commencement of use (onset); transitions from (b) use to regular use; (c) use/regular use to disorder (abuse/dependence) and (d) remission from disorder. Although the data collection was cross-sectional, with information relating to the year of onset of each alcohol stage, it was possible to map out individuals' lifetime progressional involvement with alcohol. A person-year data set was created in which each year in the life of each respondent was treated as a separate observational record, with the year of onset for each outcome coded 1 and earlier years coded 0.
We defined a contextual variable to represent the level of alcohol use in an individual's birth and gender cohort to estimate the effect of changes in the social context of use as individuals aged, over time. An individual's birth cohort was defined as all survey respondents born within ±5 years of the respondent, creating 11-year wide cohorts centred around each year of birth. Cohort widths were reduced for respondents who were aged 22 years or younger at the time of interview to as close as possible ensure symmetry around birth year while maintaining a minimum number of 50 in each gender-specific cohort. Cohorts were top-coded for those aged 65+. The resulting covariate was the estimated proportion of people (/10) in the individual's birth cohort who had used alcohol by the prior person-year. We assessed linearity between this variable and the log odds.
Other covariates were gender, time-varying education level (student, low, low/average, average/high or high), age of commencing use (except for modelling commencement of use) defined as early (≤13 years), mid (14-16 years) or late (17+ years) tertile, and person-year age groups (≤15, 16-17, 18-20, 21-24, 25-29 and 30+ for all use/use disorder models and ≤18, 19-20, 21-22, 23-24, 25-29, 30-39 and 40+ for remission from alcohol abuse or dependence). Remission models also adjusted for years with the disorder and speed of transition from use to disorder defined as early (abuse: 0-4 years; dependence: 0-5 years), mid (abuse: 5-9 years; dependence: 6-10 years) or late (abuse: 10+ years; dependence: 11+ years) tertile.
RESULTS
Lifetime prevalence of use, use disorders and remission Table 1 presents lifetime prevalence estimates. Alcohol use (94.6%) and regular use (85.1%) were common. Abuse with or without prior dependence (11.4%) was more common than dependence (4.6%). Conditional prevalence estimates are also presented among alcohol users for regular use (90.0%), abuse (12.1%) and dependence (4.8%). When taking use history into account, remission from abuse for those with lifetime abuse without dependence (79.9%) was higher than remission among dependence cases (67.2%).
Age of onset distributions
Cumulative age of onset curves for alcohol use, regular use, abuse, dependence, remission from abuse and remission from dependence, scaled to reach 100%, are displayed in Fig. 1 . Most individuals (73rd percentile) had commenced alcohol use by age 17 and had commenced regular use by age 19. Onset of alcohol abuse and dependence typically had occurred by age 25 (72nd and 69th percentiles, respectively). The median age of remission was 35 years for both alcohol abuse and dependence.
Transitions across stages of involvement with alcohol use Figure 2 shows the cumulative curves for transition time between stages among respondents with a diagnosis of the second stage. Among those who ever used alcohol regularly, over 50% made the transition by 3 years of first alcohol use and 71% did so by 5 years of first use. The median time to transition from use to either abuse or dependence was slower, at 7 and 8 years, respectively. There was also a considerable lag between the development of a disorder to Remission from abuse excludes those persons with lifetime alcohol dependence. when the majority of those who experienced remission, did experience remission. For example, 68% of remissions from abuse and 55% of remissions from dependence occurred by 10 years from development of the disorder.
Covariates of transitions
Bivariate and multivariate results from investigating associations of socio-demographic covariates with onset, use, regular use and disorder are presented in Tables 2 and 3 . Bivariate analyses indicate male gender and increased cohort use were individually associated with increased risk of transitioning across all stages. Having 11, or fewer, years of education was associated with increased likelihood of transition from use and regular use to disorder compared to those with higher levels of education. Student status was not associated with transition between stages relative to a high education level except in the transition from use to dependence where reduced odds are observed. Age of commencing alcohol use, categorized according to survey-specific tertiles, was associated with stage transitions. Early age of onset (13 years or younger) was protective against transition from use to regular use but was associated with increased odds of transition from use and regular use to disorder.
Once adjusting for all other covariates, a similar pattern of associations was observed between male gender and transitions between stages as was observed in the bivariate analysis. Overall, the magnitude of the odds ratios were reduced from those observed in the bivariate results, although the odds for men remained 7% higher than women for commencing use, and 30 and 35% higher for the transition from use to abuse and from regular use to abuse, respectively. Cohort use remained consistently associated with transition across all stages, from initial use to regular use and from use to abuse and dependence. Specifically, a 10% increase of people in an individual's age-gender cohort having commenced use by the previous person-year was associated with 45% greater odds of transitioning to use and 76% greater odds of transitioning from use to abuse.
Lower levels of education were associated in a graded fashion with increased likelihood of transition from use and regular use to disorder. For example, compared to those with high education levels, transitioning from use to abuse was associated with an odds ratio of 1.62 for those with high-average education, an odds ratio of 1.86 for those with a low-average education, and with an odds ratio of 2.48 for those with low education levels. This pattern was less pronounced in the transition to use and from use to regular use.
Associations between age of commencing alcohol use and transitions were similar to the bivariate results, with delayed commencement of use associated in a graded fashion with the development of a disorder. Specifically, relative to those who began alcohol use late (at age 17 or older), early commencement of alcohol (at 13 years or younger) was associated with increased odds of transitioning from use to problem drinking by 2-to 3-fold (OR 2.43 for abuse and 2.94 for dependence); this pattern was similar although attenuated for those who commenced use between 14 and 16 years of age (OR 1.49 for abuse and 1.66 for dependence). Commencing alcohol use early relative to late was associated with reduced odds of transitioning from use to regular use.
Remitting from abuse and dependence Table 4 shows bivariate and multivariate results investigating predictors of remission from alcohol use disorders. An increase in the proportion of an individual's age-gender cohort using alcohol was associated with increased odds of transitioning to remission from abuse and dependence. Male gender was associated with reduced odds of transitioning to remission from abuse and disorder. Fewer years spent with disorder was associated with increased odds of remission from abuse, whereas more years spent with disorder was associated with increased odds of transitioning to remission from ORs, odds ratios; C, confidence interval. */** Significant at the 0.05 level, two-sided test.
All discrete-time logistic regression analyses are based on weighted person-year data controlling for person-year age groups of ≤15, 16-17, 18-20, 21-24, 25-29 and 30+. a Percentage (/10) of ±5-year sex-specific cohort who had used alcohol by the prior person-year. For example, for a female born in 1975, the cohort would be females born between 1970 and 1980. A context OR of 1.5 in commencement of use would be interpreted as an increase of 50% in the odds of commencing use with a 10% increase of people in the age-gender cohort having commenced use by the previous person-year. Low education is defined as completed 11 or less years, low/med is completed 12 years, medium 13-15 years and high 16 or more years. c Individuals' age of commencing alcohol use is split into tertiles among all those who ever used alcohol. The earliest (first) tertile is age ≤ 13, the 2nd tertile age 14-16 and the 3rd tertile aged 17+. ORs, odds ratios; CI, confidence interval. */** Significant at the 0.05 level, two-sided test.
All discrete-time logistic regression analyses are based on weighted person-year data controlling for person-year age groups of ≤15, 16-17, 18-20, 21-24, 25-29 and 30+. a Percentage (/10) of ±5-year sex-specific cohort who had used alcohol by the prior person-year. For example, for a female born in 1975, the cohort would be females born between 1970 and 1980. A context OR of 1.5 in commencement of use would be interpreted as an increase of 50% in the odds of commencing use with a 10% increase of people in the age-gender cohort having commenced use by the previous person-year. b Low education is defined as completed 11 or less years, low/med is completed 12 years, medium 13-15 years and high 16 or more years. c Individuals' age of commencing alcohol use is split into tertiles among all those who ever used alcohol. The earliest (first) tertile is age ≤ 13, the 2nd tertile age 14-16 and the 3rd tertile aged 17+. dependence. In a bivariate model, student status was associated with reduced odds of remission from abuse but this association became non-significant after adjustment for the other covariates.
DISCUSSION
Using data from a nationally representative survey of New Zealanders, we identified four key features of transition across stages of alcohol use: (a) An increase in the use of alcohol within a person's age-and gender-matched cohort within the year prior was associated with an increase in the odds of transition to the subsequent stage of use; (b) transition from non-disordered use of alcohol to development of disorder was typically rapid and occurred before age 25; (c) transition from disorder to remission was slow, particularly for alcohol dependence; (d) male gender, younger relative age of onset of use and lower education level were associated with transition to disorder; male gender was associated with decreased odds of remission.
The first finding of this study emphasized the importance of the social context of alcohol use. Each 10% increase in the number of people using alcohol within a person's age-and gender-matched cohort in the year prior was associated with an increased likelihood of subsequent transition across every stage of alcohol use. Specifically, increased cohort use was associated with a 76 and 72% increase in the adjusted odds of subsequent transition to an abuse or dependence disorder, respectively. Prior research has shown the social context influences alcohol use through beliefs and attitudes about social norms (Trucco et al., 2011; Sudhinaraset et al., 2016; Janssen et al., 2018) . Our study found that the broad social context of level of drinking within an individual's cohort also influences consumption and development of disorder. Although counter-intuitive at first, the association between increased cohort use and increased ORs, odds ratios; CI, confidence interval; */** Significant at the 0.05 level, two-sided test.
All discrete-time logistic regression analyses are based on weighted person-year data controlling for person-year age groups of ≤18, 19-20, 21-22, 23-24, 25-29, 30-39 and 40+. a Remission is defined as having reported more than 12 months, or at least two birthdays, since the last disorder-related problem.
b Percentage (/10) of ±5-year sex-specific cohort who had used alcohol by the prior person-year. c Low education is defined as completed 11 or less years, low/med is completed 12 years, medium 13-15 years and high 16 or more years. d Individuals' age of commencing alcohol use is split into tertiles among all those who ever used alcohol. The earliest (first) tertile is age ≤ 13, the 2nd tertile age 14-16 and the 3rd tertile aged 17+.
e Individuals' speed of transition from alcohol use to disorder is split into tertiles. When predicting remission from abuse, tertiles were calculated for transition from use to abuse: the fastest at 0-4 years, the middle tertile 5-9 years and late transitions were 10+ years. Among those who transition from use to dependence when predicting remission from dependence, the early tertile is 0-5 years from use to dependence, mid is 6-10 years and late is 11+ years. f N = The total unweighted number of respondents included in the model conditioning on the initial stage.
g Individuals with a missing age of onset of remission were excluded from the model (N = 44 for remission from abuse and N = 39 for remission from dependence).
odds of remission from disorders may indicate that as disorder prevalence increases in a cohort, at a group level there will be a greater range of disorder severity thus a greater number of people with less severe disorder who are more responsive to remitting.
The second key finding of this study was that first use of alcohol and transition to disorder typically occurred during adolescence. Put into context: by the end of high school, 79% of 18-year olds had used alcohol, with 57% regularly using alcohol. A large number of previous studies in high-income countries also report first alcohol use commencing in adolescence (Kalaydjian et al., 2009; Lee et al., 2009; Suliman et al., 2010) . What has been less clear from prior research is the speed of transition and age at transition to disorder; in the present study, approximately one-third of abuse and dependence cases developed within 5 years of first use, with close to 50% of abuse and dependence cases having developed by age 20 and 70% by age 25. It is interesting to note that this speed of transition was faster than within Lopez-Quintero et al.'s US-based study in which 50% of dependence cases had developed by 13 years after first use (Lopez-Quintero et al., 2011a) , whereas in our study 53% of dependence cases had developed by 8 years after first use.
Our third finding was that an alcohol use disorder was long-lasting for many people. Although several studies confirm that alcohol use problems can persist from one to two decades without remitting (Vaillant, 2003; Gual et al., 2009; Lopez-Quintero et al., 2011b; Fleury et al., 2016) , there has been minimal prior research that uses clinical assessment tools, assesses abuse in addition to dependence and that examines the timing of the transition to remission. In our study, remission from dependence was slower than remission from abuse. For people who transitioned to an abuse disorder, the majority (57%) spent 5 years or longer living with the consequences of the disorder, whereas remission from a dependence disorder was achieved by 55% of people after 10 years; this was slower than in Lopez-Quintero et al.'s study in which 50% of people had remitted after 6 years. Our finding that individuals with a dependence disorder are less likely to remit (67%) than those with an abuse disorder (80%) is consistent with other research (Xie et al., 2010; Trim et al., 2013) . We also found that more years lived with a dependence disorder was associated with an increased likelihood of remission, this finding perhaps reflects an interaction between disorder severity and likelihood of encountering effective treatment. Individuals with a dependence disorder are likely to come into contact with a treatment service eventually due to the debilitating effect on functioning; however our study indicates that it can take over a decade for effective treatment to be accessed.
Finally, consistent with much previous research, we found that males are more likely than women to drink in their lifetimes and also have significantly elevated odds of transitioning from use to regular use and from regular use to abuse and dependence as well as significantly reduced odds of remitting once they develop an alcohol use disorder (Kalaydjian et al., 2009; Lee et al., 2009; Suliman et al., 2010) . Also consistent with prior research, lower education and early onset of alcohol use predicted transition to abuse and dependence, but not remission (Kalaydjian et al., 2009; Lee et al., 2009; Abdin et al., 2014) . Interestingly, although media often focuses on student alcohol use (Connor et al., 2013; Cousins et al., 2014; Kypri et al., 2014) ; student status did not predict transitions to regular use or to disorder in bivariate or multivariate models. That is, even when not adjusting for cohort use of alcohol, students were not more likely to report patterns of problem drinking.
The findings of our study have implications for policy and intervention planning. The finding that increased alcohol use within a cohort was associated with increases in disorder in the following year supports policy recommendations aimed at reducing overall population consumption, including reducing availability of alcohol through restrictions on place, times, outlet density, and reducing demand through price (Law Commission, 2010) . Our findings regarding cohort effects along with the finding that regular use and disordered use of alcohol predominately begin during adolescence indicate that policies focused specifically on decreasing supply to young people, such as a raised drinking age, may be particularly important. In addition, with use and disordered use occurring in adolescence, it is important to employ multiple strategies targeted at young people including delaying first use, harm reduction and treatment for disorder (Toumbourou et al., 2007) as well as structural interventions that reduce availability and access within a cohort. Finally, it is also necessary to consider alcohol disorders, in particular alcohol dependence, to be chronic disorders requiring long-term care resourcing.
The findings of this study must be considered within several caveats. This survey relied on retrospective reporting; accurate measurement of age of onset of behaviours and disorders may be limited due to memory failure and low motivation to accurately recall the timing of events. Further, poor question comprehension and a reluctance to disclose stigmatized behaviour may limit the accuracy of information reported. Efforts to address these challenges are described in detail elsewhere (Kessler and Üstün, 2004; Kessler and Üstün, 2008) and included a life review strategy that encouraged recall of specific events in time. Some success capturing the timing of events was indicated by a 10-year follow-up using CIDI 3.0, which found reporting to be reliable across this period (Knäuper et al., 1999; Borges et al., 2008) .
It must also be considered that this survey was a community survey. As a result, people who were homeless or who were living in institutions, for example, those incarcerated or living in rest homes, sheltered accommodation, university colleges and armed forces group accommodation, were not included in the sampling frame. Thus, those with a high likelihood of being affected by alcohol use disorders are unlikely to be represented in this study. For example, lifetime prevalence of alcohol abuse (43%) and dependence (36%) have been found to be substantive among those incarcerated (Indig et al., 2016) . In addition, survivor bias will result in attenuated odds to the degree that alcohol use disorders increase early mortality whereby those most affected by alcohol use and less likely to have experienced remission will not have been included in the study due to early mortality.
Despite several caveats, our study had several strengths including achieving a response rate of 73%, oversampling of Mā ori and Pacific Island people, weighted estimates and modelling of nonresponse resulted in a nationally representative sample that included a wide range of ages. In addition, a diagnostic tool was used to capture particular stages of alcohol use. Finally, the use of discrete-time survival analysis enabled modelling time-varying covariates for each and every year that respondents were at risk of the transitions occurring.
Conclusions
In this large, retrospective community survey, we found that use and regular use of alcohol were almost universal. Overall, 11.4 and 4.6% of the population developed alcohol abuse and alcohol dependence disorders, respectively. Around two-thirds of individuals with dependence, and four-fifths of those with abuse, experienced remission. We identified four key factors that add to our understanding of the transitions between stages of alcohol use. First, we found that an increase in the number of individuals in a cohort consuming alcohol was associated with higher odds of an individual transitioning to subsequent stages of alcohol use in the following year. Second, the majority of use, regular use and disorder onset occurred during adolescence/young adulthood. Third, remittance was not rapid, with many individuals symptomatic for a decade or more from onset of the disorder. Fourth, a greater number of sociodemographic covariates were associated with increased odds of transition to disorder (male, low education, young age at first use) than from disorder to remission, whereby male gender was associated with decreased odds of transition to remission from disorder. Cohort-specific interventions, particularly during adolescence and young adulthood, aimed at reducing overall alcohol consumption may contribute to reduced risk of individuals developing alcohol use disorders. Population level use is modifiable by policy intervention; such interventions that may particularly target an adolescent-aged cohort include increasing price (Wagenaar et al., 2009; Purshouse et al., 2010) , a raised age of eligibility to purchase alcohol (Martineau et al., 2013) and reducing availability through limiting outlets (Popova et al., 2009 ). Finally, alcohol dependence can be a chronic condition and preparedness to invest in long-term treatment provision is necessary.
